Purpose To investigate the implications of a cancer diagnosis on medication adherence for pre-existing comorbid conditions, we explored statin adherence patterns prior to and following a new diagnosis of breast, colorectal, or prostate cancer among a multi-ethnic cohort. Methods We identified adults enrolled at Kaiser Permanente Northern California who were prevalent statin medication users, newly diagnosed with breast, colorectal, or prostate cancer between 2000 and 2012. Statin adherence was measured using the proportion of days covered (PDC) during the 2-year pre-cancer diagnosis and the 2-year post-cancer diagnosis. Adherence patterns were assessed using generalized estimating equations, for all cancers combined and stratified by cancer type and race/ethnicity, adjusted for demographic, clinical, and tumor characteristics. Results Among 10,177 cancer patients, statin adherence decreased from pre-to post-cancer diagnosis (adjusted odds ratio (OR adj ):0.91, 95% confidence interval (95% CI):0.88-0.94). Statin adherence decreased from pre-to post-cancer diagnosis among breast (OR adj :0.94, 95% CI:0.90-0.99) and colorectal (OR adj :0.79, 95% CI:0.74-0.85) cancer patients. No difference in adherence was observed among prostate cancer patients (OR adj :1.01, 95% CI:0.97-1.05). Prior to cancer diagnosis, adherence to statins was generally higher among non-Hispanic whites and multi-race patients than other groups. However, statin adherence after diagnosis decreased only among these two populations (OR adj :0.85, 95% CI:0.85-0.92 and OR adj :0.86, 95% CI:0.76-0.97), respectively. Conclusions We found substantial variation in statin medication adherence following diagnosis by cancer type and race/ethnicity among a large cohort of prevalent statin users in an integrated health care setting. Implications for Cancer Survivors Improving our understanding of comorbidity management and polypharmacy across diverse cancer patient populations is warranted to develop tailored interventions that improve medication adherence and reduce disparities in health outcomes.
Introduction
There are over 15.5 million cancer survivors in the United States (U.S.), with nearly 1.7 million new cancers expected to be diagnosed in 2018 [1] . Individuals with cancer have disproportionately higher burdens of comorbid chronic conditions compared to individuals without a cancer history [2, 3] . In particular, hypertension, diabetes, and lipid disorders (conditions treated with statins) represent the most common comorbid chronic conditions among individuals diagnosed with cancer [2] [3] [4] . For individuals with pre-existing chronic conditions, a new cancer diagnosis can lead to tremendous challenges, including the coordination of care and providers as well as the management of multiple medications for comorbid conditions alongside cancer treatment [5, 6] . In such scenarios, treatment focus may shift away from day to day chronic disease management toward life-saving or life-prolonging strategies related to the cancer [7] .
Despite the complexity of these interactions, few studies have evaluated how a new cancer diagnosis affects medication adherence for pre-existing comorbid conditions [8] [9] [10] [11] [12] . Additionally, none of these studies reported findings on racial/ethnic variation in adherence, even though racial/ethnic differences in medication adherence are well-documented in the literature [13] [14] [15] [16] [17] . The objective of our study was to describe the patterns of medication adherence in the 2-year period prior to and 2-year period following a new breast, colorectal or prostate cancer diagnosis, among a large multi-ethnic cohort of prevalent statin users in an integrated health care setting. The prevalence of statin medication use [2] [3] [4] , clinical effectiveness of statins in reducing cardiovascular disease events and mortality [18] [19] [20] [21] [22] , and evidence of nonadherence or non-persistence with statin medication [22] [23] [24] [25] [26] [27] [28] present a unique opportunity in which to assess medication management among individuals diagnosed with cancer. We hypothesized that: (1) statin adherence would decrease following a new cancer diagnosis and (2) statin adherence among individuals diagnosed with cancer would vary by race/ethnicity.
Methods

Data source and study sample
This retrospective cohort study was conducted at Kaiser Permanente Northern California (KPNC), a multi-specialty health care delivery system that serves over 3.4 million current members. The KPNC tumor registry (KPTR) was used to identify adults 18 years and older newly diagnosed with a primary breast, colorectal, or prostate cancer between January 1, 2000 and May 30, 2012 (see Supplemental Fig. 1 for study participant flow diagram). The KPTR reports to the California Cancer Registry and the Surveillance, Epidemiology, and End Results (SEER) program of registries and has data of similar completeness and accuracy [29] . Individuals with a previous cancer diagnosis, a subsequent cancer diagnosis within 24 months of incident cancer diagnosis, and/or with distant metastasis at diagnosis were excluded (n = 6984).
The study cohort consisted of prevalent users of statin medication. Statin use was ascertained from the KPNC electronic pharmacy database, which records information on all prescription medications dispensed at KPNC pharmacies and includes information on drug name, dose and quantity, days' supply, and dispensing dates for all fills. Over 90% of KPNC members have a pharmacy benefit. Study participants had to be KPNC members with continuous enrollment and prescription drug coverage ≥ 36 months prior to their incident cancer diagnosis and ≥ 24 months following cancer, ≥ 2 prescription for a statin medication in the 24-36 months prior to incident cancer diagnosis, and be alive ≥ 3 years following their incident cancer. The latter was to minimize the potential impact of palliative and end of life care on estimates of adherence. We excluded individuals with only one prescription refill in the 24-36 months prior to incident cancer diagnosis (n = 168) and those with a prescription for a combination of statin + other agent (n = 1346). Our final cohort was comprised of 10,177 patients.
Measures of medication adherence
Medication adherence was measured as the proportion of days covered (PDC), as a recommended metric by the Pharmacy Quality Alliance [30] , which is based on the quantity of medication dispensed and number of days' supply from each filled prescription. The PDC was calculated as the total number of days for which the drug was available during four distinct study intervals for each participant: 12-24 months prior to incident cancer diagnosis (Year − 2); 0-11 months prior to incident cancer diagnosis (Year − 1); month of incident cancer to 11 months following incident cancer diagnosis (Year + 1); and 12-24 months following incident cancer diagnosis (Year + 2). For individuals taking more than one statin drug during a given interval, we calculated a single summary measure by combining the number of days in the interval with any statin availability. For descriptive analyses, the adherence status of each patient was categorized as follows: adherent (PDC ≥ 0.80); partially adherent (PDC = 0.20-0.79); and nonadherent (PDC < 0.20) [27, 31, 32] .
Patient characteristics
We obtained patient demographic and clinical data on patients from the electronic medical record, including age, sex, race/ethnicity, and Charlson Comorbidity Index. Information on tumor characteristics was obtained from the KPTR, including primary tumor site, stage at diagnosis, and year of diagnosis.
Statistical analysis
Descriptive statistics were used to assess patients' sociodemographic and tumor characteristics at baseline. To evaluate trends in statin medication adherence, we estimated mean PDC and proportion of patients by adherence status, for all cancers combined and stratified by cancer site, during each study interval. Next, we tested the study hypotheses by assessing change in adherence over the study period. The dependent variable was the proportion of days covered by statin medication each year. We evaluated change in adherence status in the 2-year period prior to versus the 2-year period following cancer diagnosis. Generalized estimating equations (GEE) were used to fit marginal models with a logit link function for the correlated longitudinal data [33] . Marginal multivariable regression models for adherence over time were adjusted for age at diagnosis, year of diagnosis, cancer site, stage at diagnosis, Charlson Comorbidity Index, sex, and race/ethnicity. Differences in the effect of time by cancer site were estimated by using an interaction term for time by cancer site. Differences in the effect of time by race/ ethnicity were estimated by using an interaction term for time by race/ethnicity.
A sensitivity analysis was conducted to evaluate change in adherence status in the 1-year period prior to versus the 1-year period following cancer diagnosis, by cancer site (Supplemental Table 1 ). All statistical analyses were performed using SAS 9.3, where GEE models were fit using PROC GENMOD.
Data availability The datasets generated during and/or analyzed during the current study are not publicly available due HIPAA. Inquiries about the data can be sent to Dr. Habel.
Results
Population characteristics
Baseline characteristics of the 10,177 patients are shown in Table 1 . Most patients were older (age ≥ 65) at cancer diagnosis (68%), male (61%), non-Hispanic white (64%), and had a Charlson Comorbidity Score of ≥ 1 (60%). Patients diagnosed with prostate cancer represented the largest proportion of participants (52%), followed by those diagnosed with breast (31%) and colorectal cancer (17%). The majority of patients were diagnosed with localized disease (82%) and between the years 2005 and 2012 (72%).
Statin use and adherence status prior to cancer diagnosis
The mean PDC and adherence status at each study interval, overall and by cancer site, are reported in Table 2 . Among all cancers, the mean PDC for statin use in the 2 years prior to cancer diagnosis (i.e., Year − 2 and Year − 1) was 0.80 and 0.79, respectively. The majority of all patients were adherent to their statin medication in the 2 years prior to cancer diagnosis. During Year -2, approximately 69.7% of all patients were adherent, 24.4% were partially adherent, and 6.0% were non-adherent. Breast cancer patients had the lowest pre-cancer diagnosis adherence, with 67.1% adherent in both Year Percentages may not equal 100 due to rounding. Abbreviation: n, number of participants
Change in statin use and adherence status following cancer diagnosis
Among all patients, the mean PDC in the 2 years following cancer diagnosis appeared similar to that during the pre-cancer diagnosis period in descriptive analyses ( Table 2 ). The mean PDC among breast cancer patients was 0.80 in both Year + 1 and Year + 2, while for colorectal cancer patients, it was PDC Year+1 = 0.78 and PDC Year+2 = 0.80 and for prostate cancer patients was PDC Year+1 = 0.84 and PDC Year+2 = 0.83. The proportion of all patients who were adherent to their statin medications was stable in 2 years following cancer diagnosis (Table 2 ). Among patients with breast cancer, the proportion who were adherent following cancer remained relatively unchanged (67.1% in Years − 1 and − 2, 67.6% in Year + 1, and 67.5% in Year + 2). The greatest change in adherence following cancer diagnosis was observed among patients with colon/rectal cancer, as the proportion who were adherent decreased from 69.5% in Year − 1 to 65% in Year + 1. The proportion of patients with prostate cancer who were adherent in Year + 1 was 71.9% and in Year + 2 was 72.3%.
The results from GEE regression analyses are presented in Table 3 . Among all patients, the odds of medication adherence decreased slightly following cancer diagnosis (adjusted OR (OR adj ) = 0.91, 95% CI:0.88-0.94, p < 0.001). Similarly, in cancer-specific analyses, there was a slight decrease in medication adherence following diagnosis among patients with breast cancer (OR adj = 0.94, 95% CI:0.90-0.99, p = 0.011) and colon/rectal cancer (OR adj = 0.79, 95% CI:0.74-0.85, p < 0.001). Among patients with prostate cancer, no statistically significant changes in medication adherence were observed over time. Results from the sensitivity analysis, assessing change in statin adherence from 1 year prior (Year − 1) to 1 year following (Year + 1) cancer diagnosis, revealed consistent patterns of adherence over time, by cancer site (Supplemental Table 1 ).
Overall adherence status by race/ethnicity
Adherence to statin medication by patient race/ethnicity is presented in Fig. 1 . A lower proportion of Asian/Pacific Islander, African American, and Hispanic patients (all cancers) were adherent to their statin medication in the periods prior to and following their cancer diagnosis than nonHispanic white patients. Adherence to statin medication was highest among Native American/Alaskan Native patients, over the entire study period, although numbers in this subgroup were very small (n = 33).
There was a significant decrease in medication adherence following cancer diagnosis among non-Hispanic white (OR adj = 0.89, 95% CI:0.85-0.92) and multi-race patients (OR adj = 0.86, 95% CI:0.76-0.97) ( Table 3 ). Adherence to statin medication among Asian American and African American patients decreased following cancer diagnosis, Estimates are presented for each study interval: Year − 2 is the 12-24 months prior to cancer diagnosis; Year − 1 is the 0-11 months prior to cancer diagnosis; Year + 1 is the 0-11 months following cancer diagnosis; Year + 2 is the 12-24 months following cancer diagnosis. Adherent levels were defined as: adherent (PDC ≥ 0.80); partialadherent (PDC = 0.20-0.79); and non-adherent (PDC < 0.20). The proportion of patients across adherence levels, in any year, may not add to 100% due to rounding. Abbreviations: n, number of participants evaluated at each study interval; PDC, proportion of days covered; SD, standard deviation; IQR, interquartile range although these differences were not statistically significant. No changes in statin adherence following diagnosis were observed among Hispanic and Native American/Alaskan Native patients. These differences by race/ethnicity were not statistically significant (p = 0.134).
Discussion
Our study of a large, retrospective cohort of 10,177 patients in an integrated health care system provides valuable information on the interaction and complexity of co-managing cancer and pre-existing disease. Consistent with our hypothesis, among all cancer patients, we found that adherence to statin medication was slightly lower during the 2-year period following a new cancer diagnosis as compared to the 2-year period preceding diagnosis, although adherence patterns varied by cancer site. Furthermore, changes in statin adherence were statistically significantly different among non-Hispanic white and multi-race cancer patients only. Population-based prevalence estimates indicating that 30-32% of older (ages 66 and older) breast and prostate cancer patients and 41% of older colorectal cancer patients have at least one comorbidity underscore the importance of our findings for understanding the potential implications for treatment and health outcomes associated with the co-existence of cancer and chronic disease. Our results support the few prior studies of medication adherence for treatment of chronic conditions among individuals newly diagnosed with cancer [8] [9] [10] [11] [12] . Calip et al. [9, 10] found significant declines in adherence to statins (mean medication possession ratio (MPR) ranging from 0.78 to 0.69) and diabetes medications (mean MPR ranging from 0.86 to 0.52) between 1 year prior to and 3 years following cancer diagnosis among women newly diagnosed with breast cancer. Stuart et al. found declines in adherence, between the 6 months prior to and 6 months after a new cancer diagnosis, to statins (absolute change in PDC of − 2.1), oral hypoglycemic agents (absolute change in PDC of − 2.3), and renin-angiotensin-aldosterone system inhibitors (absolute change in PDC of − 4.5), among Medicare beneficiaries with diabetes who lived at least 1 year following diagnosis [8] . Similarly, Yang and colleagues [11] reported a decline in medication adherence for hypertension (from 89.6 to 74.0%), hyperlipidemia (adherence defined as MPR ≥ 0.80, from 83.2 to 57.1%), diabetes (from 79.9 to Estimates based on generalized estimating equations (GEE) using PROC GENMOD for binomial proportion with logit link function. Overall adherence is defined as proportion of days covered using a multivariable generalized linear model adjusted for cancer site, race-ethnicity, age at diagnosis, year of diagnosis, stage at diagnosis, Charlson Comorbidity Index, time (as 1-year periods), sex (for colorectal cancer only), and cancer site-time interaction. Pre-cancer (post-cancer) diagnosis period includes the 2-year period prior to (after) cancer. Multirace patients are those that self-reported more than one race category 53.1%), hyperlipidemia (from 83.2 to 57.1%), gastroesophageal reflux disease (from 79.8 to 55.0%), and thyroid disease (from 89.7 to 69.1%), between the 1 year prior to and 1.5 years following a new diagnosis of early stage breast cancer. A study by Chou et al. [12] , assessing changes in anti-depressant adherence among women diagnosed with breast cancer diagnosis and a non-cancer control group, found that a breast cancer diagnosis was not significantly associated with changes in the PDC. Collectively, findings from this growing body of research suggest that challenges in optimal care management for patients with comorbidities who are newly diagnosed with cancer may vary by type of cancer and the type of medication used to treat a pre-existing condition. The complexity of care needs and the required coordination of care for these patients may be a primary factor, since it may necessitate a shift in the attention, of providers and patients, away from chronic disease management to focus on the cancer treatment [34] . In addition to the number of medications that a patient may need to take due to multimorbidity, the overall illness and symptom burdens of multiple medications may influence adherence [7] . Prior research has shown reduced medication adherence associated with increasing number of concurrent prescription drugs taken, among patients with comorbidity who are diagnosed with cancer [11, 35, 36] . Such patterns of nonadherence are often the result of increased likelihood of medication interference and adverse reactions related to the multiple medications for the pre-existing comorbidity and cancer treatment [37] . With nearly one-third of cancer patients exposed to potential drug-drug interactions [38, 39] , which could potentially lead to increased toxicity or reduced therapy effectiveness [40] [41] [42] , it is likely that appropriate reductions in statin use for certain patients could have contributed to the observed variation in statin adherence following diagnosis between cancer sites in our study. However, with limited evidence on risk of therapeutic complications among cancer patients with comorbidity, and most clinical trials excluding patients with substantial comorbidity, more research is needed to better understand the extent to which treatment-related toxicities and effectiveness influence medication management among this population [7, 34, 43] .
Treatment plans may serve as a tool that can be leveraged by providers and health care systems to document recommended medication use, provider roles, cost of treatment, and follow-up care to help patients as they manage their multi-morbidities [44] . Gatwood and Bailey suggest that these treatment plans may also help in treatment discussions between patients and providers, as they consider the challenges experiences with taking multiple medications, including the risk of outcomes associated with non-adherence and the costs associated with multiple treatments [44] . Further, as patients progress along the cancer care continuum, the information from the treatment plans can be revised and potentially used to develop survivorship care plans, which have been shown to improve survivors' ability to identify the appropriate provider for specific follow-up care and may lead to improved health outcomes [45] . Cost-related medication non-adherence has also been shown to be of significant concern among individuals diagnosed with cancer [46] [47] [48] [49] . Two population-based studies [46, 49] found that compared to individuals without a cancer history, cancer survivors were significantly more likely to report changes in their prescription medication use for financial reasons. Findings from Zheng et al. [46] show that recently diagnosed (within 2 years of diagnosis) cancer survivors were significantly more likely than non-cancer controls to report a change in prescription medication use for financial reasons; furthermore, the percentage of cancer survivors reporting changes in medication use due to financial reasons increased as the number of comorbidities increased [46] . Consequently, the growing cost burden for patients with comorbidity who are diagnosed with cancer may also have significant implications on adherence to both non-cancer and cancer medications. Future studies that explore the association between medication costs and adherence, of both non-cancer and cancer drugs, among patients with comorbidity who are diagnosed cancer are needed to better understand the potential negative effects of multimorbidity in this unique patient population.
Of noteworthy is our finding of racial/ethnic variation in overall adherence to statin medications, across the study period, despite finding no significant differences by race/ethnicity in the changes in statin adherence prior to and following cancer diagnosis. Lower adherence to statins and other prescription medications among racial/ethnic minority groups, compared to white patients, is well-documented in the literature [15, 17, [50] [51] [52] [53] [54] . However, few studies have assessed the association between race/ethnicity and medication adherence within the context of a cancer diagnosis. Calip et al. [55] found no racial/ethnic differences in adherence to antihypertensive, diabetes, or statin medications in the second year following cancer treatment, among breast cancer survivors. While these findings provide a better understanding of medication adherence following treatment of cancer among women of different race/ethnicity, it is imperative that future studies investigate whether patterns of medication adherence in the time during cancer diagnosis and treatment differ by race/ethnicity and lead to disparities in health outcomes.
Our study has certain limitations that deserve consideration. Our study was conducted among cancer patients enrolled in an integrated health plan. Therefore, our findings are most generalizable to similar populations. However, there were several advantages to this population as well, including the stability of the population over time, access to both prescribing and dispensing data, and our ability to track patients across providers. Use of pharmacy data on medication dispensing does not guarantee that patients took the medication as directed, potentially leading to overestimation of adherence. However, pharmacy records are generally considered to be more accurate than self-reported medication use. Although we were not able to assess the specific reasons for decreased statin adherence following cancer diagnosis in our current data, future studies that collect such information from both patients and providers are warranted. Findings on Native American/Alaskan Native patients are based on a small sample (n = 33) and, thus, we did not have the statistical power to detect meaningful differences. Nevertheless, last, our findings are based on a cohort of prevalent users, and may not be applicable to new user populations, since prevalent users may exhibit different health risks and health behaviors associated with statin use and adherence than individuals newly initiating statin medication [56] .
Importantly, our study was comprised of a large cohort with comprehensive, long-term data on relevant clinical, pharmacy, and tumor characteristics. Additionally, the inclusion criteria and measurement time points employed in this study enabled us to evaluate long-term patterns of statin use both prior to and following cancer diagnosis among a stable cohort of patients with continuous drug coverage benefits. Thus, while differences in study design, population, and measurements make direct comparisons with other studies of statin medication adherence difficult, our estimates provide a valid assessment of statin adherence patterns among individuals with long-term use of medication for a comorbid condition who are newly diagnosed with cancer.
Conclusion
Despite the recognized challenges and hardship that are brought upon by a cancer diagnosis, there is a large gap in evidence regarding the added complexity that individuals with pre-existing chronic conditions who are diagnosed with cancer encounter. Understanding the extent to which the observed variation in statin adherence by cancer type is driven by providers, through strategic reductions in medication, or by patients, in response to mounting side effects, is imperative. Future research efforts are warranted that examine medical care patterns and behaviors among individuals with existing chronic conditions who are diagnosed with cancer across disease profiles, health care settings and sociodemographically diverse populations.
